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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve average surface roughness 
and crystal quality by inclining crystal orientation on the surface of 
a substrate in a direction of <0001 > in a specific range. 
SOLUTION: A sapphire substrate 401 is inclined from a direction of .. H 
<0001> to <1 1-20> or <1-100> by 0.05° -0.2° and is arranged on 
a carbon susceptor. Then, a GaN film 402 *as a buffer layer is grown 
on the substrate 401, an n-type GaN film 403 is grown, and then an 
n-type AIO.15GaO.85N film 404 and a GaN film 405 are grown. After 
that, the growth of a well layer and a barrier layer that become 
active layers is repeated, a required number of layers of multiple 
quantum wells are grown, and finally the barrier layer is grown, thus 
ending the growth of an active layer 406. After the barrier layer is 
formed, an interruption process is provided for a certain amount of 
time. In this case, the average roughness of the lower surface of a 
quantum well active layer is set to less than 1.8 nm. 
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7 ^7(oood *«*a«©«»MocvDia5 



2000-82676 



10 



0 - C*-CBfi(yrGaN^v7TH*5 0 nmltas 
1* 7>^^7l:M^l OOO'CS-C^fiU 7 
>F-^GaNH%5/iml»SfiUte. C^GaNI 

*6BXfillftfc*-*©3M8*l2 . Sarcmin, ^ 
?&K4x l O 11 cm" 3 , SlliSBOOcmW • s e 

[0 04 7] tic. ±EiEICS««:ffl^"C, ±IE^ft 
J&SUfflt^fcG a N^' ? 7 rHORtoO a*£fig6 
0 0 e CT'5 Onm/HtSUcA 1 NA'-;7 7§?:lffll 
icm^Xh, ^77 7il«g^nfcGaN|t?(i± 

m*-c^7 r rss^ffi^ 1 1 o o °c-c i oftmtnm 

mitZL icmclM 1 0tt©#£T>< ?77liGaN 
«*fi£fi3-t**Cfc t JgJ«3hfcGaNl©3BS«Ftttt± 
12 i |g^©fi»«ri*tt"C* o /Co 
[0 048] (H*Mmtt«©fc», < 1 00 0>*> 
f)<l-100>*^2. 1* ffi&U/cl^y 4 7* 
«4ffll>r^8»«l <b^<|H)«©Xg*C7>F-^Ga 

J:*HO#?S£U ¥i^Hffl£2. Onm, ~*8SX 
^@Sft*-^©^<ilifI4a r cm i n. mTi&KlO 16 
cm* 3 , ^S5S9 0 cmVV • s e ctfe&tLXO) 

[0049] ^cx\ 3e>cc±a©igcc*sc>r, ^ 

7rJi©itSiaS«r5 5 0 - a /f££4 0 n m&C^Eb 

iHSte»3. 5arcmin, 8xi0 is cm"\ 20 
Ocm'/V - sec^f} k XWiltiUcO. 0 
5' (DlMft^Wt ^-!t7 7 >f 7igl:fflt^G a NI 

[0 05 0 ] C CT, 1f7 r 7S«©aB*ti[«:< 0 
0 0 1 >-fiftfrh< 1 - 1 0 0>#ft^©«i4#£0. 
0 2* *>60. 5' txmtZV, HJS«ll*Jj:Cf8E* 
0U iEI«©IgCcJ:tl®JSEl/*:GaN»©*ffillS 

fc<fcO*Sa^SS^li^cSm^0 6©# 
t^-T. 0. 0 2' 3^&0. 0 4 5* &J:V0. 2 1' 

fcioTgitecstiaiBfifiKfi^ccjrfj^ffitciaci 
[005 1 ] i/c, mwm tnm$t®m&mm-)ti 

-CC»i£Lr*5 0. SffifflS^l. 5nmHTOGaN 
l"Ctt»a^?BKttl 0 s cm-*StcWJ-C££#, 
SffifflS^l. 5nm*a*.Sl«:fc^rtt5x 1 0 ia 

77 -fTSfi^ffi^ffi^ffiO&StfO. 0 5* 

o. 2* (Dmmom^at. mmft2M^<, 

SSK^ fc < »»W ^> C £ ifiVi fc. 
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[0 05 2] Cfttt, C0^ftfifSBrtfc*5l>Ttt, 
G.aNHfi!Efi«FCcfijfiF&2yacfi£fi#^S*i (GaN 

[0053] \9mm2) xic&mm taiffliffiw 

tt. <i ooo>^^e<i 1 -2 0>*isj«:o. 1 
5- r (0 00 1 > m 

fi*a«©«»MOC V DSafiRJEtfFfc-te 7 ^ ^ ^ 
Mil £0tt<DieiCJ:9 7> K-7'GaNS4J&Sl/ 

SffifflS 1 . 1 nnu =J£&X»®9i¥&&2- 6 a r 
cmi tk «? : «K4X1 0 ls cm*\ *£ftg5 0 0 c 
m 2 /V -sec t&ftV&->tc 0 
[0 0 5 4 ] tic. *|Hfi«l«:*5t»"C±aiEIDS«* 
fflur, GaNSfcttAlN*fc»AlGaN^^7 20 
H©Ji«Se*5 0 0*C-6 5 0-C. «S*4 Onm- 
7 0 nmOfiHT^bS-ltrfc. J&SStlfcG a NJfO 
#ttfcK,^£»b#me>hr. a»fcGaNJB4»* 

[00553 (ttt8«2 ) mmt2 tomzotcwc, 
<i i-2o>mki. 8' mmbtcvyr^r (o 

00 1) S«4ffl^-C||J6«l2il3«<DIg-CGaNH 

£4WT£[H3A#&£Uc. 3^ ^16W2 40ttfc 
Ga N£/ct*A 1 N*/cttA i G a v 7 yJfCD*£S 
SS45 0 0*C-6 5 0*C, «S 44 0 n m~7 0 n m 
Q^mr-mtZtttcft, GaNH(D*S H B B#14^#^?Jc 

[0056] cct, mm'%&z<i ooo>^e><i 

1 -2 0>*f^^O[)0. 0 2' frhO. 5* <D®H*T?M 
£484^fc£tf /c*7 r >f TSfi*fflt»-C*«iW2 4H 
3K(DIgtcJ:«5GaNH4fiRfiS*fcii^©GaNH© 40 
*ffiaSi*iMBBWfi©»J5efe»*ia6 0K:5%"r. < 

i-ioo >^^<omm<Dntwim^.< 1 1 - 2 o > 
#[&]^ras4 mmnzo. 045" wt, 

[0 0 5 7 ]St CCD»^©RjilE»«Kt>5 x 1 0 

<Y7S»»S{±4 (00 0 1 ) Wfrh< 1 1 - 2 0> 

#fafc0. 0 5' A>6 0. 2' JSHrtrtfWfc»£OC 

tt. GaNH(D^«ffifflS«»*tCffi«EStittO. 8 50 
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nmtX^mt^mmx^tc. tic, CO* 
Sffl S <D*b S tt G a N H©»aS««a« 3 x l 0 9 c 
m- 1 4 Jt«flM>«c < JWT ^Ci ifi-c * fc. 
[0 0 5 8] fei±©J: 5tC. -9*7 7 -Y TSfioaffi^fi 

HK-WfSK §&fcttGaNJia{*©]8fififi*±E 
HtSWO'l 1 0 0*C*6 9 5 0U 1 0 00*C, 115 

o*a i 2 oo m ct&itz#tcm&fci>WBtv** 

T-YTS«©ffi*tt©«»fl*0. 0 5° *>e>0. 2' 

[0059] (fmw 3) mi k*<b 

l,vC 701W77YT (0 00 1 )» 7 0 2tt 
GaN^^7l, 7 0 3(JnSGaNn>^^ hJl, 
7 0-4ttI n.^Ga^.N^-tt^Fl^ttS I n 
GaNrSttH. 7 0 BttpSSA 1 GaN«S». 70 6 
tipSGaN^>^^ hH. 7 0 7ttpaii, 70 8 
ttnSWfit?**. <0 0 0 1 >;£ipJ*>6<1-1 00 
>#fiJCC0. 0 5' <ffl^^-tfr^M¥f^U/c1f7T>f7 
(0 00 1 ) S&7 0 1 4flH>T, SW^l&B 0 0'CX 
GaN^y7rl7 0 2*5 0nm«iSaS^ tt^T 
SSSS41 0 0 0'CK±#£-fe!:7>*~7, TMGfc 
JcD^S i H 4 »tnSGaN3>^^ bJf 7 0 34 
5/xmJRSftL/c. C0B#(DnMGaNn>3?^ H7 
0 3«nffl^M»*si x 1 0" cm-'O^&X^ttiZ 

[006 0] 7 5 0V&XMWU&Z&UL. 

7>*~7* TMG, TML »tIn t . 2 Ga 0 ., 
N#-:iT#Fl<£> 1 nGaNrStti7 0443. 5n 
mJf, Mg&sJJUOP^A l 0 .iGa e . 9 NffiSli7054 
3 0 n ib Ofc». 1 0 0 0 'C* r»£&S4 
USU 7>*-7. TMG*5<fcWCp,Mg*m»t 
0. 5/imW©pSGaN3>£*hB7 0 6*fifc£l/ . 

*"C8 0 0'a 2 0#P5<DfM34m\ ^ffi^C^or 
i 7 ^>y, *fiBBflE©Ig*fflt»rLED4ft»l/ 
fc. nS*fi7 0 8«AL pSfg7 0 7ttAu/N 

[0 0 6 1 ] ^JSU/cLE DCC2 0 m AOJB^Ifijai** 
S£L/c4C5, ^f-«4 5 0nm, ^c^-^^ 
3nm. *(Ktt2 c d"C*ofc. */c. 
2BIJS«<30LE DJR- : F--C©«jt^^->*H«ILfciC 
5. I nGaNrSttH7 0 4Olit^ffiT'^J-^^7tL/ 

m$<D. ^3fe®g<Dti6^#li±2 0%OTCCffl)x.en 

[0 06 2]*mSWCc45^rfc. InGaNrSffi§7 
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>$ni7 0 3 <D*ffi©tS H ^tt«:»ffi bfc. ^ifeffl 1 
teitfZittS&O. 1 nGaNr£ttJ17 0 4CDTlfti 
te*nSSGaN:a>*£ UB7 0 i 

S-C*fc. /c/a, CGDii^S i «r8BSaU«CC^*6Wll 

*1. InmHI. 3nm©KHr**h InGaN 
r£ttl7 0 4©Jf $ 3. 5nm<fc9/h£<iMarc$Tl> 10 

tzm&btc sfcc©«F<Ds:iie»ffia<> 5 x 1 

0* cm" 1 tik«WfiU^^CCj«*iJSh*Cl»fc. 
[0 06 3 ] Sfc, *|8ft«liEI«CD*ffi«rffll*r. S 

0. 0 5* *>60. 2* ©fl^ftOfBHCCftSJR^ 

{fci/»*«KiM&<Ol*HL fmii?©ft±#t&tK* 
#/t D CO*B^<D«»ftO*loJt Lttt< 1 - 1 0 0 > 

< 1 1 - zoxD^-ftKom^b, mwDnawmsrc 

[0064] (it««3 ) tt«<Dfcft, < 0 0 0 1 
ft^£>< 1 -1 00>^ftK:0. 2 5" ««43^fc1?-7 
r 4 7*«4ffll»Tiat« 3 t Htt©*ffi*ffi-Cfffltl/ 
;cLEDCC2 0mACDJill^m^ ; £:S£l//ciC5, 
.ftS4 5Onm4HJSWI3t0i;*C*o^ IS**'* 
£ h ;l/©¥ffiifst* 3 5 n m t %Mm 3 <fc 9 J£# o rfc 

#8K©fR*ffirt^©$M5* s ± 7 0%<h^3Uc*#l>t 

[0 06 5 ] Chtt, I n Ga NfiSttJf 7 0 4©Ti6~C 
*SnSGaN=i>*£ hH7 0 3©*ffi#, M-WtF 
7 0 4 $ J: 0 S fc $ <fc 5 

ftStifcfeS. I nGaNfiatH7 0 4(D/fS*ffirt'C 
i&-lfcSti/deat?*S. C©J:9tt, 40 
<D*ffi«4*<'raSfc*tt. nSGaN3>^FI7 

0 3©¥f^ffi?fi£#I nGaNrSf417 0 4©/f3<£ 
O'hSUBSfcttB?** I nGaNSttl7 0 4 
©if $ ©*»ttTcc 4 ^> fc«£«C WTC * o fc. 

[0 0 6 6] ±IBH*t«3rtt, nSGaN3>^i7h 
HSffi©¥^fflSttl. lnm^f)l. 2nmr*!h 

1 nGaNf£t417 0 4©Hi* (3. 5nm)©30- 

=J>*2 Mi 7 0 3©?tMffl££ I nGa Nr51417 0 50 
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4<DJ*3J:D/hS<-rSCtK:J:f3. f^&K©^® 

0, a*L<ttC©fflS*I nGaNrSttJ17 0 4iI© 

[0 06 7 ] ±B© J: 5ftJH-7#F?Sttli4WT *a^b 

3 . 5 n m&Lt^^r^^mnmtm <mtb 

H7 0 3©SffifflSB?S!tlB©«S©tocJ:**^-C4>S 

1 . 8 n m«T©«^«c»3(^{b©SW*«a* £ o 
fc. -Tttto*. H6CC7SUfc«t5«:<0 0 0 1 >ffl^6 

©*7T-fr*«affl©«»fte%o. 0 5* 6llo. 
[0068] mmi) ms^mmmmucmit 

■f. Stcfc^r, 8 o itt^WrSUL 8 0 2&G 
aN^?77«, 8 0.3ttnS3>^H, 8 04& 
nfi^^Fl, 8 0 5ter£ttH, 8 0 6ttpS3KR65 
ikH, 8 0 7lipa^7 7FI, 8 0 8ttpg3»^ 
M, 8 0 9ttS*»«B> 8 10ttpSSfi. 811 

[0069] <0001 >-frtHiP*>< 1-10 0 >#fr 

ceo. 0 5- mmvxmmsmbtcyy 7 47 <oo 

0 1)S«**MOCVDKB©JSJ£jlF«:H2^ hU, £ 
SSS5 0 0 c CVT>*~7te£VTMGZm^X5 0 
nmI©GaN^^77i8 0 2MI3t/c o 
[007 0] &fca«gK* 1 000 "CKjBfiU 7> 
*~7. TMGfccfctfS i H 4 *fflC>rO. 4 am/1© 
GaN*»6fc*nS:3>** h«8 0 3*JSS*S^/c 
7>*~7, TMG, TMAfccfctfS i H,Ct<fc9 
0. 2//mI©nMAU. ls Ga 0 ., s N?!P6^^nI^ 
7-yF1804 *JSSSi*fc. C 2 x 

lO^cm-'TftS. TMG, TMA v S i H«*jh«> 
T£®&g£7 0 0T;*-C|ftfiU 7>*~7 4 TM 
G. TMHcJrOl. 5nmI©I n,. ls Ga,.„N# 
PH2143. 0nmS©In,. QI Ga,.„N^'J7l 
3BI*6tt4flS1Mi8 0 5 «:J5Efi3*fc. 
[0 07 1 ]f*l>T. 7>^r^T, TMG. TMA, C 
p 2 M g^fflt^T 6 n mil© pS A 1 (il Ga,. 9 NH 

&*pas8«»jfcJB8 0 64j«fi3-ss. paauBBjh 

H8 0 6J«fif*, SfiSfi^l 0 5 0 V±MZ#> 
7>^e^T. TMG, TMA*?J:c;Cp a Mff*ffl^r 
0. 2am©paAl Q .nGa,. ll N*>e>ftSpa^7 
? F»8 0 7«rJ?JEfiS^ TMA«a&*ff±U, 0. 5 
//m©pSGa N3^e>«cSpS3>^^ H18 0 8«rflt 

[0 0 7 2] «±<DIg»7fl, SS^MOCVD^g 
S(6^J:0ai0fflb"C. SS»H«*-C8 0 0'C«:r2 



(9) 

15 

?Tl»* £ 7 -Y \Z^tf*ic\Zy<< isyVfcX 9 ftUbX b 
-1f*?*ffiStUc 6 nSSS8 1 1 «T i /A L p 
SmS8 1 CHJAu/N i 

[0 0 7 3 ] ^jSL/fc^CcSarSStSrfitLtei c 
4 0mA©Hffi*ife"C4 3 2nm«S-C(DU^1f» 

fc. 4fc. 5mWffl*RF©lg»»iliitt4 7mA 4 10 

1 0 0 0 OBSPa£l±-C*-5Ci3&SttB-C*fc. 

[ o o 7 4 ] ccdJ: ^ {^fiNfltt&tf 
fflHtt#5k#Sh5<Dtt, ^fig^#F©r£1418 0 5 
OTifti &4na^7?F18 0 4 ©Stffi©¥$ffl3 # 

3©tI£4J£-<, ffifW8 0 5itT©Jl#A l,,„Ga 
...,N£A l*15%^?l>sk teJ:i?t7 7^7 
S&8 0 1 4?£&!8 0 5©PJtCGaN^^7T»8 0 
2*^*3H^lfAStiri^*3&sa&S. L*»U % 20 

iC^nS^7-; KH8 0 4©*ffi*ffffiLfcll6». 
13 6 ©• "CtS t, 7 > F - y'G a N ft 4 « gpltt 

[0 0 7 5] -f frb^, IMl4t'0nS^7^ F8 0 
4©'Sffi©TOfflS«l. 1^1. 3nm£/h£<, g 

©nS^77 KJ18 0 4©*$3lffiffl3tt> 
- P^SttH8 0 5^1g)S-r^<i^CDmT#F^CDli$ 

(1. 5 nm) J:0*>/h3< , C#r(r*S. COCt^, 30 

[0 0 7 6] <fcoT, tft?Jt»ft<l/-1f» 
S4ll«*SC4#nJSe£fcofc. C©£^ *J@H 
tiGaN»©iSfiK<b«:aS6r, AlGaN<m§£CC 
t>Htt<Ditt«* W-f £ c 4 ^Br*/c. 

[0 07 7] ZhlC, *HttWCCte^T. t7 7 >frs 
«©M4&g<D<&£±fE©0. 05" 1 5" , 40 

0. 2 0' fcgMU l^<WR^fl«Lr8WBLfc» 
^n-en^SR^O^fiHfflB^BniA, 5 0 
mA, gffl-CCDSR^f5d*i 1 2 0 0 0B$PdL 7 0 0 Oft 

[0 0 7 8 ] (tt®«4 ) Jt«<Dfc»K:< 0 0 0 1 
fr*>£>< 1 - 1 0 0>7?f°KC0. 2 5* frl^tf/clf? 

S*fl£Dfc4C3, Hffl»*2 5 0mA"C4 3 2 nm© 
U-1f-»fi^a»J3*ifc. 4%±3^9*Ett4 V?£> 50 
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o/c„ Sfc, 5mWffl*«F©R»fti*tt2 8 0mA. fg 

[0 07 9 ] l5M$fc«i4ft*0. 0 3' <DW 

7 -f TfflR*afflb-Ciafi«4 iHtt©*»»U-1f* 

Sr©*-T^^3OO0|p H ^<t, HI6W4 tetter 
Mb < *T«tt©»b#««3 tifc. 
[0 08 0 ] (ISttff 5 ) #£*W-Ctt, »fl^Sfi« 

[0 0 8 1 ] 8&4LT<0 0 0 1 1 1 - 

2 0>fc<fctf< 1 - 1 00>2FflK:0. 02* A^0. 
5* «»H*owr«lffiSfSLfc (0 00 1 ) my-vr 

[0 08 2 ]ffittB©«fi*frW k ST, nSGaNI 

G. TMIMSiH^MlOfimol/min, 
1 0 urn o 1 /in i nM5 n ra o 1 /m i niALv 
ffittB©l*S]144* I n„. O5 Ga 0 ., s N^5nm(O 
BSrj&BUc. TMG k TMIMSiH, 

^S^lOymol/inin, 50/imo 1/rainR 
tf5nmo 1/mi niAl, ?£tt»<Z>#FJl<!:&S 1 
n B .,Ga,.,N«:ft3 nm<7)Jl S"CJ&St,fc. #FJI/£ 
figL TMG(Dfi»S»*:l 0/zmo I /m i nltW/P 

riaS©»SlfciaL/c*ffiK:T I nGaN©|?$*IS± 
T^S^CDA 1 GaNK30nmlgfi)EIUc o *H 
««"C», }SttJB*Jg«"r*#FJB©H»tt3H"C*^ 
tfWLfc. A 1 GaNSEfifttt, l»©?paK:SVr* 

[0 0 8 3 ] C<Dl5&XimL. WBEl5SLrc»«C^K 

»*KffiTEMHHgi/TijiiKttafa[*»fflo % aatt 

affiffl S * 9J5E 1/ fc 4 C % . 06 4 H«<Dte**$S 

e>n/c 0 i^rtKiw^t. Sfiii^A^o. 02* a><& 

0. 0 4 5' *?J:Cf 0. 2 1* frt>0. 5* ©$eH*C« 

J:0*^S©SilR{44^M^n^^L/rt^ o * 
fc, t£ttl*CC I n©JB«CCj:-S»nmac!)Fy httfl 
ia^*»B6ti/c. 0. 0 5 B 3&>6 0. 2° ©«4Tii 

»«tO+»^3CU. 8nm«TCC^#Sn/c 0 KST 
EMigJ:! TiftB^nSGaNCOJSfiSH^^ffi 
¥Stt* s lfi)±LTC^C43&S*>3&iofc. fffflKf4<D«^ 
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httffl«#fc^£jifcftft<ft9, Tmmoy-mm 

fc. 

[0 08 4] att4^JKU-C*^tLfcKt4K:2 0m A 
©S«*»bfc»£©^^*<0 0 0 1 >Hfafrh 
< 1 1-20 >*sj:tf < 1-100 >#|dJ^©S««*I 
fltc*H/tiH2Lfc*S**H9«:7S-r. •tt<0 0 0 1 
>#>6, < 1 - 1 0 0 >^©tt£k Ott< 0 0 0 1 >*» 
*E>< 1 1 - 2 O>^0ffl»fl**£feUTl>S. B9rt> 
fcfofcSiSfcfl&ftatfO. 0 5* *>£>0. 2° ©15 io 

[0 08 5 ] ttc. Ml Ott<00 0 1 1 — 1 

0 0>^©ffl*4«:*<r>T, ^M^#Fr£ftJI©J£fiS 

a©a»*H^fce»r*4. •i*j*«iaa#7oox; 

©B#* 0«7 5 0°C©B$, Ati8 0 0'C(DB$*C^^>o B' 

ti, isfisafcios^ftr urnto. 05 
■ frho. 2° ©s«^^f^*a#*MnbTi»s. 
m 6 4 0 9 rum 1 0 ©&«*> % , km&hl i**affi 

©♦BUB*** 6^"C* 0 , ##618 fc J: 0, "^RJB-C^R 20 
a#f#6ft ctitt. WtCctot, 

[0086] ^mmmv\t, m&mo^wmomwfiz 

l 0 0 8 7 ] t fc, H»D*ffir b-1f*ffiilLtoB 
0. 0 5° *>&0. 2* <D»«*«R±KfflllLfc 

[0 08 8 ] (3SK016 ) ftlffil&BLk 

[0 08 9 ] S«4 LT< 00 0 1 >*I6J3&>6>< 1 - 1 
0 0>#flfcO. 1 5- tt»ft*ottT«ffiiFBt,fc 
(0 0 0 1 ) ffl*7r-f7»«*fflK «BB»r*L 

[0 09 0] Sttlt*, ST, naGaNJB*«S!JL 

n h s u ft 3&s 6»&s££-£©&S£ ft £ <fc 5 CC 

MBl/t, SfiiaK*5$£l/ft:^*C, TMGv TM I 
&£>*S i H,£&* 1 0 Mm o 1 /m in, lO/zmo 
1/m i nMSnmo 1 /m i nlAb, tSttH^^ 
fltr*BSH"C*S I n D . ts Ga,., J N«:ft5nm©» 
S*CJ&fiOfc. *©8L TMG, TMIRO'SiH,© 

Ufc££-£©J&g*K£^<> *©». BO'TMG, 
TMlWSiH^^MO/imol/rain, 5 0 50 



um o 1 /m i nS(^5 n m o 1 / m i niAl, fiitt 
Jf©#pJi<tft£ I n 0>I Ga tt .,N^3 nm©iI£*C 
JffifiUfc. #FJlJ&fiSL TMG(Ott*&a%10/£mo 
1/mi nfc$4>U SO*f£tt)i©l»glB*lSfil/fc. 

+S»g*IS9jIU *»KRg»*«fiLT||J6©JI5 
SCCBBbfcSffifcT I nGaN©ff$*l»ltt"SBW© 
A 1 GaNR*30nmgaflESl/fc. *A IGaNI 

*KWTfc*feft^U RWft<ri«toftK lib, 

[ 0 0 9 1 ] A 1 G a NJ5Sfif*tt v ^©ff^C^T # 
ffi"CpSJi*J«fiU *S»J5»©ilg*»T##y-( 
F4fBHl/fc. 

[0 09 2 ] t©#ftrftS!Ofc#^^*-FK:2 0 
mAO*«*«l/fclS©»3l6»R*, »S«flSfi»©fiS 

0 *C©B*, Ott 7 5 0 °C©B$ V Att 8 0 0 B C©B$T * 
0, *fc. 5SK1 0©3f«:3Hr>T*4-«aB, &*©$ 

[0 0 9 3] ^9Rtxai i i©tt«rwe>^&J:5 
fc. attttSfifcftlA't, j*S*K*ffli»*c<kfcJ: 

[0 09 4] HI 0fc^-f<fc^fc, flEfi*KfcJ:*#S* 

ft*> 1 #£l±©«fi*»ifc <fc DlfijKSKttWSni/T^ 

700 ^©tB^tcij^Ttt, jiSfi^tt^na i #3&>e» 

1#«±1 O^ttT^C**. fi£SSS^7 5 0'C 
©«^ecto^rtt. «fi*K«flfflttiiW»6»i 5»g 
gt»^^ *K«Ml3&aBto*x4«liaitt, l»6U: 

[0 09 5 ] */c, flEfiiaa^S 0 0 ^©tl^CCtet^T 
tt. «fi+^Ifflttl»^6»»5»BarJtt*^*0, 

tc 0 

[0 09 6 ] *^fe^jr'ti, <ooo i>-fifafrt><i 

-ioo>^is»co. 1 5* <mAnz^wxmmwmL 

fc(000 1) It7 7^7lS«MU/cWicoi 1 t 

saaufc^ «»fl^o. 0 5° *>e>o. z m commv 
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[ o o 9 7 ] * fc, *H»«|-c tt. rSfflf <o#F)I<7)l 
ft*«3)l©WK:oi>risail/fc3&s. 2JB. Stf 4)8^6 

fc. 10 

[0098] (mmmi)^mmmv^ <oooi> 

WM»h< 1 - 1 0 0 >#IpJK: 0 . 1 5* ««4ft«r-^W 
T^MWSL/c (0 0 0 1 ) If7r 47WB&m* 

h£©«s*kjbm t taw tjss ucif£©f£fc y -f * 

[0099] tr. nlGaN^St, NH 3 £SL 

fiSa^SSL/c^r, TMG, TM I RV$ i H 4 . 
£§*7 lOf/mol /m in, lOfimo l/minS 
i>'5nmol/niiniAU i£14JB©l»SJ14ttS 1 
n 0 . os Ga 0 . 5S N^^5/im(DJf S"CSEfiLfc. 
ft. TMG, TM1RCXS iH 4 ©ft&*-fi<M:U 

*K4ff9. *<D^ HtfTMG, TM I RtfS i H 4 30 

1 0 umo 1 /m in, 1 5 urn o 1 /m i 
nM5nnio 1 /m i nIAl, ffittH<D#F)Biat 
S I n e . 2 Ga e . 8 N£&5 *im£>JI£'TJ&g Wc„ 

TMG." TMIRCfS iH 4 ©«t&«r-BffjI:L. 
* + V T tfX&O'N H 3 # X LtctS -%<DJ&& 

-rs»ii4»<piiu *»K»gJi£JiJtfiOT^i6©}& 

BKELfeJStttCt I nGaN<D#**R±**gtt© 

A 1 GaNR^:3 0 nmIS^5l/c e $A 1 GaNl 40 
4. rSttJl3&s»4a-r-5 I nGaN»8JB<DffflKtt. J&g 

ak ct s«**R3&s» < & & c t -o n » s . 

SW-ifWLfc. £/c> »SHttfift©JSfi*K«BI 

6 0^4 L/c. 
[0 10 0] C<D*ffi-Cf¥«Ufc«*^*-Ffc2 0 
mA©««*«L/clR<D5fe«aK«:. #F»0tfifft©0S 50 
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:/^^-*iUriB$bfce**Bll 2K 
OVOm. Ott7 5 0'CCDB#. A&8 0 0*C<DB$, &g 

[0 1 0 1 ] B94B1 2 4©ttSrt?W63!PtcJ:5W:. 

6CC^^g^iiAf SC 4 
[0 1 02] HI 2ec7n$h-Cl>SJ:5fc:. #FBfi£fi 
a©fiEfi+Ktc J: S»3fc?a«^©|g»BfiRfifiacc J: 0 

!&S4nWSH!ttJg<. ffitc^fifil&WBrtfl^ «fi* 
[0 1 0 3 ] H 1 2ttjSS*vCl»S<fc5«:> jafijaa*s 

7 o o-c©«£fcfci»-t«. «fi**fB#patt i »3!pe>» 

6 0»gKlS»***0; #K»*#E*>*i5JBIHtt 1 
#«±10#HTC*S. *fc, jafififiW7"5 0 # C© 

OTT'&o/c. 

[0104] J&SS£#8 0 0'C©«£fctelvttt. 

Sfl^hSJBHtt 1 #«±2»OTr*ofc. 
[0 1 0 5 ] Sfc. ft3H&l%g& «S*K*fltor 

©itunccjt * £ 4>#r& -o fc. 
[0106] (j|fli«8 ) *HfliWr*B. mwit LX< 
0 0 0 1 >;fr|fiJJ&>6>< 1 - 1 0 0>*|o]tC0. 15' M 
Wft*owr«ffi9fSL/c (0 00 1 ) E-tf^T^T^r 

[0 1 07] 01 3frc\ St§JI©f&g&!f£7 5 0 e Cfc 
^H1^^(D^S*Bt^^6 0#4L, fiS 

4**^©it***itrflBeufffl[l/fc»*y-f*- 
F<D***fi45*KfiE)RI«*^. •B**«R*, O 

tt»*»fi*7ft-r. a i 3 tc^-r <fc ^ cc, * + y r^'x 

S«|nlCC*'0. S/C »3fc«afe«d>rSffi|ol6C*S 0 

ooxsaofia-cfeiaaoMifiiis-r,, *fc, khi 



(12) 

21 

St S ttfi * 5* L fc. 
[0108] ( jgJ6W9 ) *H«SWI"Ctt, S1&4 or < 
0 0 0 1 >1i$\iPh< 1 - 1 0 0>£|SHC0. 1 5' M 
«4ft*oWT»ffi9FSLfc (0 00 1 ) It77-(7^ 

RKfH 4 g<DM&£ 99$ L teftSCCO I >r IB 

&-r*. io 

[0 1 0 9 ] H 1 4fc fc St4JICDf&6SK£7 5 O'CK 
UteU NH s aiAJi4JiRfi*IK»BI*S{fcS-Bfc»^ 

-T. •»NH S =5 l/min«, OttNH s = 3I/ 
mi nOB#, AtiNH 3 = 0 1 /m i n<DB#?*£. 
[0 1 i 0] Hi 4CtiKf <=fc5tc, NH s 2»A»3is-fe*n 

# 8 o o e cggcDSs^ 700 °cgg©fisr *> mmo 
[oiin (laswi o) ^aiiwrtt, GaN»« 

N««©a^ft4* J F-*«:?¥a'J-SJt«RtiHlfK, * 

[0 112] S«4Lr<0 0 0 l>;£fa^< 1 1 - 
2 0 1 - 1 0 0>#fote0. 0 2*^60; 30 

5° ffl£4#£otrC«MW^b/c (0 0 0 1 ) IGaN 

fc. 

[0 1 13] fJE££rft«U «ffi»J5£Urt,>ft^H 
3S*KffiTEMHSb*rajiK{i*S*»ffil/. SUtt 40 

mz< i - i o o>#isj^<D«$*Siu o&< 1 1 - 
2 o >#fa^><®£4£^f . s&«4 

ft*S0. 0 2* j&>6 0. 0 4 5' fcitfO. 2 1° *»6 
0. 5* ©«HT13:*fiSffi©fl«4«:J:or5l#*§CS 
hSJBajSfi^Stc J: 0JK«K©««effi4^ffi^h3&s 
«Sfebrt»S. 0. 05' 3&>60. 2° ©<a«4t? 



4#H 2000-82676 
22 

3&S|ai±Lr^Sc43&sto3&>ote. SSIM©«^fcJ:o 

[0 114] H»8EKf4tcss*»jSl/r*^tl/ 
fcKfsWc 2 0 m A<DWA*mWcm&®%d>&S&£< o 
0 0 l>*|Bj*e,< 1 l-20>fcJ;e>*<l-100> 

To •tt<0 0 0 1 - 1 0 0>^CDf®$4, O 

\t< 1 1 -2 0>^<Z>«i4r*S. 0. 0 5* 3&>e>0. 

2* o«*4r«jtasa3&s*i^:L/ri^c4^*>^s. 

[O115]017tC<OOOl >*>6< 1 - 1 00> 

o . o s * 6 o . 2 • ©ss^-ciEjtaia^* ad u 

rt>£ 0 C©«fi«aiK4^T-f7««4HCT*-5 
»*JlS!l»BJ:0**^C4*st>^S. 064^9, 
HI 0, 015, Ml 6fcJ;Mgi KDttMfrh. 
I4G a NSfehfrcffSLfcSR^ tcfcl^T kMafili 4|S 

[0-116] *H»0|-Ctt. r§tt»©#FJl©«»#3 
H^fco^rie^L/c^^ 21, Rtf4J!#>e> 1 on 
* r cd^sst #F (c oc > r (Da*tt*|liS W 4 mace 

[0 1 1 7] Sfc. H8to*ffiru-1f4^Lfc» 

o. 0 5* *6o. 2- <D'&mmm±Mmbtc 

Keener j«B*H»&-rs L*lMW*Ba*H5< 45 

[0118] (^fe{?j 1 1 ) *&KWCtt, »M4G a 
NS^±m^K^ffl^rf^U/cieigji4r£ttll^ 

[0 119] S^4br<0 0 0 1 >#|fij?&>6< 1 - 1 

0 0>*|dJCC0. 1 5" «*4ft«rOWr«ffi«feLft: 
(0 00 1 ) BGa N»«*fl3K »tSLtt 

[ 0 1 2 0 ] ffiffiltt. nMGaNI«Si 
N H , b Sc 3&s eS^SS^-^O^atc ft 5 <fc ^ tc 

wmbx. mmu&^mbtcm^v. tmg, tmi 

RWS iH^S^lOMmo 1/min, lOamo 

1 /m i n'Ktf 5 n.m ol/mi niAL, rSttH*» 
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EST SFIitJI-Ci&S I n 0 ..,Ga,. t ,NiS:8j5nm©JI 
$VfS&btc *©&. TMG. TMI&tfSiH 4 © 

Ufc**-S<DfiSfit>K*tT5. *©«. BO'TMG, 
TMISySiH.S^lOwmo 1/min, 50 
jumo 1 /m i n&!>'5 nmo 1 /m i niAt, fi§f£ 
m<D#FWitt£h I n.^Ga^.N^nrntDiSt 
iSSUfc. #FJU£fi&, TMGCtWSS* 1 0 nm o 
1/m i ntc^t. Btf^JIOPfltJiSl&fiLfc. 
NSHJ$£§ft. -£8ra©«S*K*rtO#FB*iSS 10 
-TSilflfc&IOilL. &&K|fgJI&tt£L-t$it©J£ 
StCSL /c^atCT I nGaN©|?$£|!M-t*Bfi-J© 
Al GaNJg£3 0nmiiIgj&gLfc„ ^AlGaNI 

SrtSWrfcttfrtt^U SWft<T<>«to&t,». fit. 
#FJf ©S$[# 2 JB1JIT©»£«:B. UK? SRSBft 

HUfc. 20 
[ 0 1 2 1 ] A 1 G a Nftftffttt. J»l©»»K5Vr* 

[0 12 2] C©*ffi"Cfaibfc«36y^*-KK2 0 
mA©IIift£jj£U<:l£©f6ftSiiifi£. RSJIttftft©tt 

^-r. •tt^sa^-#F?stti©^as^7 o o-c© 

B#, OB 7 5 0"C©B$. AB8 OOWt*^ 1 

SWt4 0 0©ttB«:5!l>r*saaBB. £*©t£g 
lit -COfiMWIW* IB** 0 &'©ii£©?£7fc®S?£> 0 . 30 
A* fcBH ft-Cw L fc*flt#JBl^©¥*9fl'C * S . 
[0 1 2 3 ] m 1 6ig|l 8 t©tt^TW6*»a<t5 
K. »««GaNS«K:an*.T. «6«i»^Ci 

[0 12 4]@18«:^-r«fc^tc. SEfi*KtcJ:S»* 

lifcl#W±©(d6Stt>R«:J:0«*a8B[BJWnLTl» 
5. i£feM©J££&&tfXl>«g. J&54KXIIIB& 
< . »(CGESia^fil>«^ICBd»>tiBrXin«tfil>« 

7 0 OTOi^icliOTH:, SEg*K«lllB 1U*»6^ 
6 0 flglS-C»»#* 0 . #fc»*j&Si*>*i &JMBH2 . 
l^JULbl 0»WTr*5. *7fc. J&gfig#7 5 0-C 

tt£*b*#3tfc*'i*xigMB. i#«± 

5#OTT&ofc. (Kgfig*J8 0 0'C©»£K: 

*sutb. fiSft^KmnB i 5#ajrc«*# 

*0. »(cJWI*aitoti4MlBB. l#W±2^OTr- 
[0125] #*Mfl-CB, < 0 0 0 1 >£fi*&< 1 50 
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- 1 0 0 >£|SHC0. 1 5* «ttft*ot*-C*ffl?MFO 
fc(00 0 1)IGa NSfi=feffifflbte^{c-5l>rgBa« 
Lfctf. i$£48#0. 0 5* *»6 0. 2' ©$EB?&ft 
«. tt©75Fiai^©«ttrfcH«©»*«:«Jfr5C4* 

[ 0 1 2 6 ] *fc, «at«TB. SttJf ©#Pl©® 
^3jf©^{CotJriHiELfc*i. 211. sc;4i*>e> 
1 OJI£r©£ffiM*#FK^l>T©^B$§gfe{fli 

BSB©«fi+Br*A*l-CiSttl*faiUfcU— !fB. 
tc. 

[oi27] (9mm 1 2 ) *ss»w-cb. < 0 0 0 1 
>-ft<fafrt>< i - i oo^rtsjeco. 15' 

tttittflf^Ufc (0 00 1 ) ffiGaNSSfcffl^T. 

fiU. *©». ?£ttll©#FJI££&(c6ra8(c. -5£ 
©REgtt'Kra^WOSSbfc^C^Tfey-f^-- K 
©««ffiEA«:»WS«je8Mt4#Flflaa©fiS**IR 

«mt©wii*BaELft:«K:oi>T*s-r*. 

* - K * »BW £&B©J$ft#&B£iMI 6 (Ct* 0 fc;fr 

ears.- 

[0 12 8]*r. nfiGaNSSEfift. NH,**b 

&#6S«^£-£©SSKfc5J:5Kt8SS-fS. £ 
KajStfSSLfc^jS'C, TMG. TM I RVS i H, 

1 0(imo l/mi n, lOymol/minS 
Wnmo l/mi n*Al. i£ttJI©MKJI&tt& 1 ' 
n,.„Ga,. )i N*$!)5(im©fJ'r)S5U:. •£© 
ft. TMG. TMIBtfS i H,©0»&*-SfM:U 

* + U7;tfXRt/NH,;tfX£.^UtS*-£©fi£B 
«r£*T 5.- ^©&. Bt/TMG, TM I RtfS i H, 
^^S'JlOdmol/min, 1 5(imo l/mi 
nSy5nmo 1/miniAl/. ffilti©#Fitft 
5 1 n.. I Ga...N4ft5wm©/iS-C(SSLyt. •€■© 

TMG. TM I &tf S i H,©W&*-HfM:U 

»jT^awfNH,*x%«&bfcaE*-£©«fi 

nSBfiEfiaKC^FBfiE&a. 

WO^W^U &*©!#Bjg-f-5«i:5«a£g 

miazLtc-m;i£x i n g a N©s*4P^±-r5 aw© 

A 1 G a 3 0 n mggfiSS U/c 0 *A I G a NJi 
b. fflkmtmffiTZ] nGaNHSiCfflfctt. fiSS 

#FB©«tt*«2jiOT©»^«:B. &mm B J. 

WiWCB. tftSM«^lSTS#FII©mkB3l|-CjR 
**f»lUfc. *A:. MttBfiSfta©Aft4>KB$nB. 
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6 0®tbtc. 

[0129] coy^mvrmottmitf^*-ftc2o 
mA©*»*»Lfc»©»#5i««:. #FJH$ftft©a 
&pwtm*'<5ji - * t \sXi%%.Md£mzm 1 9 k 
•tt£M*#FSiM©«a«iit#7oo'c© 

8#> Ote7 5 0'C©B#. AB8 0 0*CCDB#-C*5. 0 
*, ^4 0 0©&IICC3K»rft&ffiKt2. &*©*££ 

Mro««*iiwB*oi^«^»i6aurc*o . 

[O13O]016 4019 iOttttrWfcjMt J: 5 10 

Jet*). SJ&tc^^jWt*-rac£*Jfert»s. 
[0131 ] HI 9K^StiT«,»SJ:^(C. #F10ES 

erafb-rs*. urti*>i»«±©)«fti|iKKj:»)* 
*&BLwmi,xK*h. si4i©fisszag*^^. 
(&6*kb«$i<, &tcrtftflK#eb>«£. gut* 
iw*mi»fi».»**%*wc*5. *&. $ftaa#7 o 

OXXDflteWBHTtt. j£R$KHWttl&*>6*b6 0 
»a«r»*36i*»). «K«**»J!lbti4i!llBtt 1 WX 20 
±1 0#WT"C*9> /&Sfig#7 5 0-C©*l£K:fcU 
Ttt. fifeS4>wm» l fW>&« l 5»8ISr«i**«* 

fc. 

[0132] fiSSfflg*J 8 0 0 •C©t8^tCtet,>T« > 

MM*ldt£$L «ft*K*fTtof 

li&ofcfc©©, El 7fc^Ucg©:**&afc£tt5gB 30 

•c* r . &*-c 3 <ggg©2s#®g©itfli]K:±$ s©* 
(0 l 3 3 ] «±. **w*m»"cl!MilLfcaJ. *ft93 

t^e*i(at«r*i/fctm. i^jt©ffi*^t)#«ciK 

e>-T. G a Nr£1&l/A IGaN?7-; KIBS©ilS#£ 

«£©*WjWMrc* 0 . HCcfi^#p?5tt@jf J: 0 *> 40 
[0 134] 

§ ct y^ B B B o D D «©isj± l fcB<b«&{ t&nywmiL 

0 0 0 1 >#|6j*>e>< 1-10 0 >#|3)*St,>«< 1 1 
-2 0>^[S)(C0. 0 5* A>f>0. 2* ©8#fft£~?tt 

■tmwm&uc (oooi) w?7 7 -trm&im^z 



^2000-82676 
26 

rw 4 c 4 (c «t 13 . M&Bt#m>a.it»Mt&&m 

fc©"C*4. .tot. *£9J©¥ 

[02 ] *«W{CJ: 0 < 0 0 0 1 >^|Sl*>e>©«*4ft'4 

[S3 3 4^0T?W 9 b^J&^S©KRgB|-C 
**. 

(04 3 B{i«Wb^«Ml«m**Wl»-Cf|E«l/fc»JI6* 

■T-©iftB§St?$>5«. 

[053 i£ffil)&ft©a«U£ 4 «jKtt©ftttS&& b 

fc0-C£>&. 

[06 3 mmm<D®mtnMm®&&v. w« 

[07 3 ^StfOtCTjVf LED©®SE0-C&.5. 
[B8]'HftW4K5Vru-1f©KffiB-C*5. 

[0 9 ] u-7 7 jymmmomn 4*6*** ©»# 

[010] 8#)l©$gSg£g;ifcB#©S$<ia#4ft4 
[0113 »S)lfiSS^©ESS*»i^ra4^^©^ 
[0123 #FMti^©liSft$limil04&3B£?©& 

[0 1 3 3 * ♦ y7#*©«»E4***f©»*Sr 
gteiOf^JtftSCM^i^O/cHTJbS. 

[014] fiSS*K*©NH ) S4^IRT-©^^g 
©RHS*^Lfcg|-C*S. 

[015] G&mfo$m<D®mtnmfrm&Rv 

WSIIffl S'©RH$*7n t /c0"C* 5 . 
[016] Ga N«S*®©M$4ft4^;«iF-©^® 
g©M^«r^LteBT*4. 

[017] ^B©RSfiSg?r^^fcB#©G a NS«ffi 
14ft 4^©26#&g©|ig&£7jsUc0-C&S. 

[018] »li)SSlg^©fiSfi*KR!FPa4*^©^?S 
gOUB^^^ b fc0T$> * . 

[019] TtFmtiM^0RQW$Wtfk*<DStXM 

1 0 \-mm 

1 0 Z-Xf-VP" 

1 0 3-ttsft 

2 0 l-Sfi 
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